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BACKGROUND OP THE INVENTION 

FIELD OF THE INVENTION 

5 The present invention relates to a thermokeratoplastic 

probe that is placed into direct contact with the outer 
surface of the cornea. 

2 . DESCRIPTION OF RELATED ART 

10 

Techniques for correcting vision have included reshaping 
the cornea of the eye. For example, myopic conditions can be 
corrected by cutting a number of small incisions in the 
corneal membrane. The incisions allow the corneal membrane 

15 .to relax and increase the radius of the cornea. The 

incisions are typically created with either a laser or a 
precision knife. The procedure for creating incisions to 
correct myopic defects is commonly referred to as -radial 
kerectotomy and is well known in the art. 

20 The techniques of radial kerectotomy are only effective 

in correcting myopia. Radial kerectotomy cannot be used to 
correct a eye condition such as hyperopia. Additionally, 
kerectotomy has limited use in reducing or correcting an 
astigmatism. The cornea of a patient with hyperopia is 

25 .relatively flat. A flat cornea creates a lens system which 
does not direct the focal point of the viewed image to the 
optic nerve of the eye. Hyperopia can be corrected by 
reshaping the eye to decrease the radius of cornea. It has 
been found that hyperopia can be corrected by heating and 

3 0 denaturing local regions of the corneal membrane layer. The 
denatured tissue contracts the cornea and changes the shape 
of the eye: The procedure of heating the corneal membrane to 




37231. P004 



PAT. APPL. 



correct a patient's vision is commonly referred to as 
thermokeratoplasty . 

U.S. Patent No. 4,461,294 issued to Baron; U.S. Patent 
No. 4,976,709 issued to Sand and PCT Publication WO 90/12618, 
5 all disclose thermokeratoplastic techniques which utilize a 
laser to heat the corneal membrane. Although effective in 
reshaping the eye, the laser based systems of the Baron, Sand 
and PCT references are relatively expensive to produce. 
Expensive laser systems increase the cost of the procedure 

10 and are economically impractical for doctors with limited 
financial resources. 

U.S. Patent Nos. 4,326,529 and 4,381,007 issued to Doss 
disclose electrodes that are used to heat the corneal 
membrane of an eye. The electrode is located within a 

15 housing that spaces the tip of the electrode from the surface 
of the eye. An isotropic saline solution is irrigated 
through the electrode and aspirated through a channel formed 
between the outer surface of the electrode and the inner 
surface of the sleeve. The saline solution provides an 

2 0 electrically conductive medium between the electrode and the 
corneal membrane. The current from the electrode heats the 
outer layers of the eye. Subsequent cooling of the heated 
outer eye tissue causes the cornea to shrink to a new radial 
shape. The saline solution also functions as a coolant which 

2 5 cools the outer epithelium layer, so that the corneal 

membrane has a more uniform temperature gradient across the 
thickness of the eye. 

The saline solution of the Doss device spreads the 
current of the electrode over a relatively large area of the 

3 0 cornea. Consequently, thermokeratoplasty techniques using 

the Doss device are limited to reshaped corneas with 
relatively large denatured areas. It is desirable to provide 
an electrode which can locally heat very small areas of the 
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cornea. An electrode that creates relatively small heated 
areas would allow more flexibility in reshaping the cornea. 
This is particularly true if thermokeratoplasty is used to 
correct astigmatic conditions. It would therefore be 
5 desirable to have a thermokeratoplastic electrode which will 
allow the surgeon to heat relatively small areas of a corneal 
membrane . 
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SUMMARY OF THE INVENTION 



The present invention is a probe which has an electrode 
that is placed in direct contact with the epithelium layer of 
5 the cornea and is used to locally heat the corneal membrane. 
The probe includes a first electrode that has a tip which 
extends from a cantilevered beam. Spaced from the. tip is a 
disk which extends from a second cantilevered beam. The disk 
and second beam define a second electrode that provides a 

10 return path for the first electrode. The tip is concentric 
with an aperture located within the disk. 

To heat a portion of the eye, the .disk is placed onto 
the eye and depressed until the tip extends through the 
aperture and comes into contact with the epithelium layer of 

15 the cornea. Power is supplied to the electrode to create of 
flow of current from the first electrode, through the eye and 
back into the second electrode. The radius of the tip and 
the power supplied to the electrode are such that a denatured 
area as small as 1 millimeter can be formed by the probe. A 

2 0 pattern of denatured areas can be created ^in the corneal 
membrane to correct hyperopic or astigmatic conditions.' 
Additionally, the small denatures areas can also be utilized 
to correct radial keratotomy procedures that overcorrect for 
myopia . 

25 It is therefore an object of the present invention to 

provide a thermokeratoplastic electrode that creates 
relatively small denatured areas in a corneal membrane. 

It is also an object of the present invention to provide 
an inexpensive and effective thermokeratoplasty procedure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



The objects and advantages of the present invention will 
become more readily apparent to those ordinarily skilled in 
5 the art after reviewing the following detailed description 
and accompanying drawings, wherein; 

Figure a perspective view of a thermokeratoplastic 

electrode system of the present inventions- 
Figure ^2''''^s a top view of an electrode probe of the 
10 system; 

Figure,^3^''^s^ a side view of the probe in Fig. 2; 



Figure A'^is an enlarged view of the probe tip; 

Figure S-As a side view showing the probe being used to 
denaturate an area^f the corneal membrane; 
15 Figure .^,6" is a top view showing a pattern of denatured 

areas of the corn^; 

Figure 7 is a perspective view of an alternate 
embodiment of the probe. 
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DETAILED DESCRIPTION OF THE INVENTION 



Referring to the drawings more particularly by reference 
numbers. Figure 1 shows a thermokeratoplastic electrode 
5 system 10 of the present invention. The system 10 includes 
an electrode probe 12 coupled to a power supply unit 14 . The 
power supply unit 14 contains a power supply which can 
deliver power to the probe 12. The probe 12 has a hand piece 
16 and wires 18 that couple the probe electrodes to a 

10 connector 20 that plugs into a mating receptacle 22 located 
• on the front panel 24 of the power unit. The hand piece 16 
is typically constructed from a dielectric plastic material 
and is approximately 0.5 inches in diameter and 5 inches 
long. In the preferred embodiment, the power supply provides 

15 a constant current source. To protect the patient from 
overvoltage, the power unit 14 may have an upper voltage 
limit which terminates power to the probe when the output 
voltage of the unit exceeds a predetermined value. The power 
unit 14 may also contain monitor and alarm circuits which 

2 0 monitor the resistance or impedance of the load and provide 
an alarm when the resistance/impedance value exceeds and/or 
falls below predefined limits. The alarm may provide either 
an audio and/or visual indication to the user that the 
resistance/ impedance value has exceeded the outer predefined 

25 limits. Additionally, the unit may contain a ground fault 
indicator. The front panel of the power unit typically 
contains meters and displays that provide an indication of 
the power, frequency, etc, of the power delivered to the 



power output in a frequency range of 50 KHz- 1 MHz, with a 
nominal frequency of 300 KHz. The output voltage is 
typically 150 V supplied to a load of approximately 200 ohms 



probe . 



30 



The power unit 14 preferably delivers a highly damped 
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(Q) . The system has a foot switch (not shown) which controls 
the application of power to the probe 12. The power unit 14 
also contains a timer circuit which allows power to be 
supplied to the probe 12 for a predetermined time interval. 
5 The timer may be a Dose timer or other similar conventional 
circuitry which terminates power to the probe after a 
predetermined time interval. The power unit 14 may have a 
control member 26 to allow the user to select between a uni- 
polar or a bi -polar operation. The front panel of the power 

10 unit may also have control members (not shown) that allow the 
surgeon to vary the power, frequency, timer interval, etc. of 
the unit. The ground pad (not shown) for a unipolar probe 
may be coupled to the power unit through a connector located 
on the back panel of the unit . To operate the system, the 

15 surgeon depresses the foot switch and a short surge of power 
is supplied to the probe 12. The power unit may be a device 
manufactured by Rose Electrotherapy located in Los Angeles, 
California, which sells the unit as model 1400, serial number 
1836. The power utilized in the present invention typically 

2 0 correlates to a 20% power setting on the Rose device. The 
time interval is typically set between 0.2-3.0 seconds, 
preferably at 1.0 seconds. 



12 . The probe 12 has a first electrode 30 and a second 
25 electrode 32. Although two electrodes are described and 

shown, it is to be understood that the probe may have either 
both electrodes (bipolar) or just the first electrode 
(unipolar) . If a unipolar probe is used, a "ground pad" 
(indifferent electrode) is typically attached to the patients 
3 0 back to provide a "return" path for the current of the 
electrode. 

Both electrodes 30 and 32 extend from the hand piece 16 
which contains a pair of internal wires 34 that are crimped 
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Figures 2-4, show a preferred embodiment of the probe 




or soldered to the end of the electrodes. The first 
electrode 30 has a tip 36 which extends from a first spring 
member 38 that is cantilevered from the hand piece 16. The 
electrode 30 is preferably constructed from a phosphor, 
5 bronze or stainless steel wire that is 1.0 mm in diameter. 

The spring portion 38 of the first electrode 30 is preferably 
50 millimeters (mm) long. In the preferred embodiment, the 
tip 36 has an included angle of between 15-60**, 30° nominal, 
and a nose radius of approximately 50 microns. A majority of 

10 the electrode 30 is covered with an insulating material to 
prevent arcing, and to protect the user. 

The second electrode 32 includes a disk portion 40 which 
extends from a second spring member 42 that is also 
cantilevered from the hand piece 16. The disk portion 40 is 

15 spaced a predetermined distance from first electrode 30 and 
has an aperture 44 that is concentric with the tip 36. In 
the preferred embodiment, the disk portion 40 has an outer 
diameter of 5.5 mm and an aperture diameter of 3.0 mm. The 
disk 40 further has a concave bottom surface 46 that 

2 0 generally conforms to the radius' of a cornea. In the 

. preferred* embodiment , the bottom surface 46 has a spherical 
radius of approximately 12.75 mm. The second electrode 32 
provides a return path for the current from the first 
electrode 30. To insure proper grounding of the cornea, the 

25 surface area of the disk 40 is typically 20-500 times larger 
than the contact area of the tip 36. In the preferred 
embodiment, the second spring member 42 is constructed to 
have a spring constant that is no greater than one-half the 
stiffness of the first spring member 38, so that the second 

30 electrode 32 will have a greater deflection per unit force 

than the first electrode 30. As shown in Fig. 3, the tip 3 6 
and disk 40 are typically located at angles a' and a' ' which 
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may ifange between 30°- 180°, with the preferred embodiment 
being 45°. 

Figure 5 shows the operation of the probe 12. A peri- 
bulbar anesthesia is first administered to the patient and 
5 the eye 48 is stabilized. As an alternative to the peri- 
bulbar anesthesia, the surgeon may use a topical anesthesia 
such as proparacaine drops. The cornea of the eye is then 
marked at a location which is to be denatured. The probe 12 
is placed onto the eye 48 so that the disk 40 is adjacent to 

10 the cornea. A gentle force is applied to the probe 12 to 
deflect the second electrode 32, until the tip 36 of the 
first electrode 30 is in contact with the cornea. 48. The 
surgeon may apply a force sufficient to slightly depress the 
cornea with the tip 36 of the first electrode 30, to insure 

15 that there is a direct electrical path between the electrode 
30 and the eye. The surgeon then depresses the foot switch 
so that the power unit 14 delivers a current to the first 
electrode 30. The current flows through the outer layers of 
the corneal- membrane and back into the second electrode 32. 

2 0 The time interval of the energy surge may be set to create a 
denatured area approximately 1.0 mm in diameter. The eye is 
allowed to cool, wherein the denatured area contracts the 
corneal membrane. The surgeon then tests the eye to 
determine if the vision deficiency has been corrected. If 

25 correction has not been achieved, the probe is moved back to 
the denatured area, or to a new location and the process is 
repeated. After the procedure is completed an eye patch is 
•applied to the eye, or protective glasses worn, for 
approximately 12 hours. 

30 Figure 6 shows a pattern of denatured areas 50 that have 

been found to correct hyperopic conditions. A circle of 8 
denatured areas 50 are created about the center of the 
cornea, outside the visual axis portion 52 of the eye, with a 
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nominal diameter of approximately 5 millimeters. The circle 
of denatured areas typically have a -diameter of approximately 
7 mm. If the first circle does not correct the eye 
deficiency, the same pattern may be repeated, or another 

* 5 pattern of 8 denatured areas may be created within a circle 
having a diameter of approximately 6 mm. It has been found 
that overcorrected hyperopic conditions may be reversed up to 
80% by applying a topical cocaine to the denatured areas 
within 2 weeks of the procedure. The procedure of the 

10 present invention can then be repeated after a 30 day waiting 
period. 

The exact diameter of the E>attern may vary from patient 
to patient, it being* understood that the denatured spots 
should preferably be formed in the non-visionary portion 52 

15 of the eye. Although a circular "pattern is shown, it is to 
be understood that the denatured areas may be located in any 
location and in any pattern. In addition t'o correcting for 
hyperopia, the present invention may be used to correct 
astigmatic conditions. The present invention may also be 

20 used to correct radial kerectotomy procedures that have 

overcorrected for a myopic condition. The probe and power 
settings have been found to create denatured areas that do 
not reach the Decemets membrane. It had been found that 
denatured areas of the Decemets membrane in the field of 

25 vision may disturb the patients field of vision, particularly 
at night . The present invention leaves a scar that is almost 
imperceptible by slit lamp examination 6 months after the 
procedure. 

Figure 7 shows an alternate embodiment of a probe 60 
30 which has a plurality of first electrodes 62 coupled to a 

cage 64. The cage 64 includes a first ring 66 separated from 
a second ring 68 by a number of spacers 70.' The cage 64 can 
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be connected to a handle (not shown) which allows the surgeon 
to more easily utilize the probe 60. 

The first electrodes 62 extend through apertures 72 in 
the rings 66 and 68. The electrodes 62 can move relative to 
the cage 64 in the directions indicated by the arrows. The 
probe 60 has a plurality springs 74 located between the rings 
and seated on washers 76 mounted to the electrodes 62. The 
springs 74 bias the electrodes 62 into the positions shown in 
Fig. 7. In the preferred embodiment, the probe 60 includes 8 
electrodes arranged in a circular pattern having a 7.0 
millimeter diameter. 

In operation, the probe 60 is pressed onto the cornea so 
that the electrodes 62 move relative to the cage 64. The 
spring constant of the springs 74 is relatively low so that 
there is a minimal counterforce on the tissue. A current is 
supplied to the electrodes 62 through wires 78 attached 
thereto. The probe 60 is preferably used as uni -polar 
device, wherein the current flows through the tissue and into 
a "ground" pad located on the patient. 

For surgeons who prefer "two handed" procedures, the 
probe could be constructed as two pieces, one piece being the 
first electrode, and the other piece being the second 
electrode. Although the probe has been described and shown 
denaturing a cornea, it is to be understood that the probes 
and methods of the present invention can be used to denature 
other tissue to correct for wrinkles, incontinence, etc. For 
example, the probe could be used to shrink a sphincter to 
correct for incontinence. 

While certain exemplary embodiments have been described 
and shown in the accompanying drawings, it is to be 
understood that such embodiments are merely illustrative of 
and not restrictive on the broad invention, and that this 
invention not be limited to the specific constructions and 
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arrangements shown and described, since various other 
modifications may occur to those ordinarily skilled in the 
art. 
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